Stability of protein formulations: investigation of surfactant effects by a novel EPR spectroscopic technique.
Surfactants are known to stabilize proteins and are often employed as additives in protein formulations. We have developed a method to study the interaction of these formulation additives with proteins by using the partitioning behavior of a spin label. In protein-free formulations, 16-doxyl stearic acid partitions into micelles above the critical micelle concentration (CMC) of the surfactant and gives rise to composite electron paramagnetic resonance (EPR) spectra composed of spectra from "free" label and "rotationally hindered" label. We compute the fraction of micelle-associated label by factor analysis and generate a label partition curve. When protein is added to the formulation, surfactant-protein aggregates form at concentrations below the surfactant's CMC. Partitioning of the label into these aggregates causes the EPR spectrum to reflect hindered rotation of the label at lower surfactant concentrations than in the protein-free solutions. A simple model of label partitioning shows that these partitioning shifts can be correlated to the surfactant:protein binding stoichiometry. We have studied the interactions of various non-ionic surfactants like Brij and Tween with recombinant human growth hormone and recombinant human interferon-gamma and obtained corresponding binding stoichiometries. These binding stoichiometries match those obtained by other techniques. This technique offers a new method for estimating the protein:surfactant binding stoichiometries.